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Summary

The diagnostic criteria for paediatric mastocytosis are largely based on adult studies and bone
marrow findings are not well described in children. We evaluated use of the World Health
Organization (WHO) criteria for the diagnosis of systemic disease in paediatric mastocytosis. In
addition, we identified unique clinico-histopathological features within the biopsies. One hundred
and thirteen children with paediatric mastocytosis were evaluated at the National Institutes of
Health between 1986 and 2013. Complete bone marrow evaluations were performed in 50 cases.
Seven children had repeat procedures. Bone marrows were analysed by histopathology, flow
cytometry and for K/7 D816V. Bone marrow biopsies displayed mild atypical haematopoietic
maturation, increased haematogones and hypocellularity in a sub-set of patients with urticaria
pigmentosa, diffuse cutaneous mastocytosis and indolent systemic mastocytosis. Hypocellularity
was most pronounced in those with urticaria pigmentosa. Haematogones were highest, on
average, in patients with diffuse cutaneous mastocytosis or mastocytomas. There was no evidence
of peripheral blood cytopenias, myelodysplastic syndrome, myeloproliferative neoplasm or
leukaemia within this cohort. The WHO criteria are applicable for the diagnosis of systemic
mastocytosis in paediatrics. Although unsuspected bone marrow findings typically seen in

Corresponding author: Melody Carter, M.D., Building 10/11C207, 10 Center Drive, MSC 1881, Bethesda, MD 20892-1881,
301-496-8772, 301-480-8384 (facsimile), mcarter@niaid.nih.gov.

co-authorship
Authorship Contributions
MCC: Contributed to the design of the study, Primary clinical physician for patient care, abstracted and analysed data and primary
author of the manuscript.
DDM: Contributed to the design of the study, consultant for clinical patient care, edited and revised manuscript.
ASC: Organized data, analysed data, sample processing and categorization.
ASW: Contributed to the design of the study, performed bone marrow procedures, reviewed bone marrows and blood films, analysed
the data, revised the paper.
IM: Reviewed bone marrows and blood films, responsible for histopathology data and photos, analysed data, primary author of the
manuscript.

Disclosure of Conflicts of Interest:
No conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Carter et al.

Page 2

myeloproliferative disorders are frequent in paediatric mastocytosis, patients within this study
remained clinically stable without progression to a more aggressive variant.
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Introduction

Paediatric mastocytosis presents with cutaneous manifestations of mast cell proliferation in
about 85% of cases. (Lange, et a/ 2013, Middelkamp Hup, et a/ 2002, Valent, et a/ 2004)
Previous studies have focused predominantly on cutaneous and symptomatic manifestations
and skin pathology.(Akoglu, ef a/ 2006, Ben-Amitai, et a/ 2005, Bodemer, et a/ 2010,
Kiszewski, ef a/2004, Muller, et al 1990, Wolff, ef a/2001) Bone marrow biopsies are

not routinely performed. In the only study where a significant number of bone marrow
biopsies were obtained (n=41), a complete pathological analysis was not reported.(Azana,
et al 1994) In that study, only six of 41 patients who underwent a procedure were reported
to have slight abnormalities on the bone marrow aspirate smears. There has been limited
information published with regard to marrow characteristics of paediatric mastocytosis
across all variants.

The World Health Organization (WHO) criteria for the diagnosis of systemic disease are
based largely on data from adult patients with mastocytosis.(Horny, ef a/2008) The WHO
classifications and other published studies include extensive descriptions of the pathology
seen in adult marrows with systemic disease.(Horny, et a/2008) An important issue not
previously addressed in the literature is the implication of bone marrow pathology as it
relates to overall prognosis of paediatric disease. Adult patients with systemic disease
have an abnormal expansion of a mast cell clone typically carrying a point mutation in
codon 816 of the K/T gene.(Horny, ef a/2008) Although this mutation has also been
identified in skin biopsies, there has been no correlative bone marrow data to support the
diagnosis of systemic disease from paediatric patients with mastocytosis.(Bodemer, et a/
2010) Furthermore, the prognostic impact of this mutation in children with mastocytosis is
unknown.

We report in detail on the bone marrow pathology in 50 patients with paediatric-onset
mastocytosis. The WHO criteria for the diagnosis of systemic disease are comparable to
published data on adult mastocytosis bone marrow pathology (Valent et a/ 2004). However,
previously unrecognized findings of mild atypia, increased haematogones and hypocellarity
that may be confused with a myeloproliferative disorder are highlighted. In addition, we
have followed a subset of patients clinically for follow-up over an average of 6.9 years
(range 1-25 years) to assess for possible progression of bone marrow findings and disease
severity.
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One hundred and thirteen patients aged 6 months to 20 years with a diagnosis of

cutaneous mastocytosis were enrolled in institutional Review Board (IRB)-approved
protocols (03-1-0041, 80-1-33) at the National Institutes of Health (NIH) following
informed consent. The population consisted of 70 males (62%) and 43 females (38%).

The diagnostic evaluation included a full blood count (FBC) and differential and serum
tryptase. Patients with hepatosplenomegaly on physical examination underwent abdominal
ultrasound for verification. Fifty patients with severe mast cell mediator symptoms and/or
hepatosplenomegaly underwent a bone marrow biopsy and aspirate based on existing
recommendations. (Valent, ef a/2007, Valent, et a/ 2004) The procedures were performed

6 months to 18 years after the onset of cutaneous mastocytosis with a mean time of 3.6,

3.2, 4.6 and 7.1 years for urticaria pigmentosa (UP), diffuse cutaneous mastocytosis (DCM),
mastocytoma (MTOMA) and indolent systemic mastocytosis (ISM), respectively. Seven
patients had repeat bone marrows for continued severe mediator symptoms or to follow-up
as clinically indicated at a mean follow-up time of 7 years (range 2-18 years). Patients were
then categorized as to disease variant based on WHO criteria.(Horny, et a/ 2008)

Serum tryptase

Total serum tryptase was determined on blood samples drawn during routine visits (n=45).
None were obtained during general systemic reactions. Samples were assayed using the
commercial fluoroenzyme Immunoassay (Pharmacia Immuno CAP, Peapack, NJ; normal
reference range 0.0 — 11.5 ng/ml, highest limit of detection 500.0 ng/ml, Mayo Clinic
Laboratories, Rochester, MN).

Bone marrow preparation and analysis

Bone marrow trephine biopsies were fixed either in B-5 fixative (original specimens) or B-
Plus fixative (follow-up specimens), embedded in paraffin and processed for morphological
evaluation using standard procedures.(Maric, et a/2007) Immunohistochemical studies with
anti-tryptase, CD117 (also termed KIT), CD10 (also termed MME) (Cell Marque, Hot
Springs, AR) and CD25 antibodies (Vision BioSystems, Norwell, MA) were performed
using immunoperoxidase staining procedures on an automated immunostainer (Ventana
Medical System, Tucson, AZ) according to the manufacturer’s instructions. Bone marrow
biopsies were evaluated in a blinded fashion by two haematopathologists/haematologists.
Bone marrow mast cell involvement and morphology were estimated in core biopsies based
on CD117 and on tryptase immunostaining, which provided similar estimates. Images were
obtained via digital microscopy using an Olympus BX-51 microscope (Olympus America,
Center Valley, PA) equipped with a DPlan 40/0.65numeric aperture objective and captured
using an Olympus DP70 digital camera system. Imaging software was Adobe Photoshop
CS3 (Adobe Systems, San Jose, CA). Multi-parameter flow cytometry was performed on
bone marrow aspirates and mast cells were assessed for expression of CD2 and CD25 (also
termed IL2RA), as described.(Maric, et a/ 2007) Detection of the K/7 D816V mutation was
performed by reverse transcription polymerase chain reaction (RT-PCR)/restriction fragment
length polymorphism (RFLP). The targeted gene area was amplified and the PCR products
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were subjected to restriction enzymes in order to obtain fragments for analysis as described.
(Maric, et al 2007)

Statistical Analysis

Results

The peripheral blood indices and bone marrow pathology were analysed using a Kruskal-
Wallis non-parametric analysis of variance (ANOVA) using multiple comparisons between
groups. P-values <0.05 were considered statistically significant. GraphPad Prism software
(GraphPad Software Inc., La Jolla, CA) was used for data analysis and graphic illustrations.

Fifty patients with paediatric-onset cutaneous mastocytosis were evaluated and subsequently
classified based on the WHO criteria for mast cell disease (Horny et a/2008) (Table I).
Twenty (40%) children were diagnosed with UP, 7 (14%) had DCM, 2 (4%) had a MTOMA
and 21 (42%) had ISM. The onset of disease ranged from birth to 12 years of age, but

in the majority of patients (87%), was in the first year of life. Ninety-eight percent of the
patients were Caucasian. Most patients, with the exception of MTOMA, had early disease
onset (birth-5years) with a slight male predominance (64%).

Bone Marrow Pathology

Typical bone marrow pathology findings in UP, DCM and ISM, respectively are illustrated
in Figures 1A—C. In examining marrow biopsies, our first observation was a relative marrow
hypocellularity in a subset of patients compared to the expected marrow cellularity for age.
(Horny, et a/2010) When compared to normal paediatric bone marrows,(Foucar et a/ 2010)
the bone marrow cellularity demonstrated a wide range. The patients with UP (Figure 1A
& J) had the lowest median bone marrow cellularity and the highest percentage of marrows
in the hypocellular range (58%). On average, marrows in patients with DCM and ISM were
less hypocellular than in UP patients, however, a significant percentage of patients (42.9 %
in ISM and 14.3% in DCM) were still in the hypocellular range, (Figure 1J, Table 11A).

On the other hand, hypercellularity was more prevalent in DCM (28.6%) and ISM (33.3%)
compared to UP (5%).

The highest percentage of bone marrow mast cells was observed in patients with ISM
compared to UP (p<0.0001) and DCM (p<0.001) (Figures 1F & 1K).

Mast cell aggregates consisting of greater than 15 mast cells (major WHO criterion for the
diagnosis of ISM) were seen in all but two patients with ISM. These two exceptions met
three minor WHO criteria for the diagnosis of ISM (over 25% spindle-shaped mast cells on
the aspirate smear, CD25/CD2 positive mast cells, K/7 D816V mutation, or a serum tryptase
of = 20 ng/ml). Only one patient with DCM had mild-moderate increased bone marrow mast
cells and none had mast cell aggregates (Figure 1E, K). Spindle-shaped mast cells (over
25%) were not observed in any other variants of paediatric mastocytosis; DCM, MTOMA
and UP (Figs. 1D, E, F). All but one patient with ISM showed over 25% of spindle shaped
mast cells on the marrow biopsy specimen.
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CD25-positive mast cells were present only in patients with ISM as assessed by flow
cytometry (data not shown) and/or immunohistochemical analysis (Figures 1 G, H, 1). All
tested ISM patients (19/19) carried the K/7 D816V mutation in marrow samples, while this
mutation was not detected in the marrows of other patients available for testing (n=17).
DCM and ISM patients had the highest serum tryptase values (Table Il A). Thus, the current
WHO criteria for the diagnosis of systemic mastocytosis were applicable to paediatric
disease.

A few cases did not fully conform to a specific variant based on WHO diagnostic criteria.
One patient with DCM, no organomegaly and an elevated serum tryptase of 126 ng/ml

had an increased number of round mast cells in the bone marrow (7.5%), but no mast cell
aggregates, spindle-shaped mast cells or CD25/CD2 positive mast cells (Figures 2A-C).
This patient did not meet criteria for systemic disease despite the significant mast cell
burden, yet was also distinctly different from the other patients with DCM, all of whom had
lower marrow mast cell numbers and a range of tryptase values (Figures 1 B & E; Table
I1A). Another patient with ISM had orgnomegaly, exclusively round mast cell morphology,
with a tryptase of 184 ng/ml, mast cell aggregates and CD25-positive mast cells on the
bone marrow biopsy specimen (Figures 2D-F). Clinically, there were no other apparent
differences in comparison to the rest of those with ISM. These two cases illustrate that not
all patients exhibit standard diagnostic features and suggest that a more extensive genomic
analysis may be useful in paediatric-onset mastocytosis.

Evaluation of trilineage haematopoiesis in bone marrow aspirates and biopsies revealed
atypical maturational features in a subset of patients with both systemic and cutaneous
variants of mastocytosis. The aspirate smears showed more than 10% hypolobular
megakaryocytes in 5/20 UP, 4/7 DCM, 1/2 MTOMA and 5/19 ISM patients (Table I1B;

Fig. 3 A, B). Erythyroid and/or myeloid atypia, particularly megaloblastoid changes, were
seen in 8/20 UP, 1/7 DCM and 3/19 ISM patients (Table 11B; Figures 3 C, D). None of
these patients had peripheral blood cytopenias at the time of our evaluation or increased
marrow blast counts (= 5%). Mild marrow eosinophilia (= 5%) was seen in 12/20 UP, 5/7
DCM, 1/2 MTOMA and 13/21 ISM patients (Table 11B); however, only two patients had
absolute peripheral blood eosinophilia (normal < 0.85 x10%/1). Patients with MTOMA and
DCM had higher median absolute eosinophil counts (AEC) compared to patients with UP
and ISM (Supplemental Figure). However, there was significant overlap in AEC between all
mastocytosis variants and this feature alone did not distinguish cutaneous mastocytosis from
systemic disease.

Bone marrow aspirates revealed increased numbers of normal haematagones (CD10 positive
immature B-cells) in all variants of mastocytosis, but peripheral blood lymphocytosis was
observed in only one patient with ISM. Patients with UP had the lowest median percentage
of haematogones (10%), followed by ISM (14%), DCM (21%) and MTOMA patients
(22%). In some patients with ISM, DCM and MTOMA, the CD10-positive lymphocyte
percentage approached 50% of total marrow cells (Table 11B; Fig 3 E), which raised
concerns in the differential diagnosis for acute lymphoblastic leukaemia. Flow cytometric
analysis, where available, and further immunohistochemical staining confirmed that these
immature lymphocytes were normal precursor B-cells (haematogones) (Figure 3 E-H). The
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increase in haematogones did not correlate with mast cell burden in the marrow, peripheral
blood lymphocytosis (data not shown) or the disease variant.

Peripheral Blood Findings

The majority of patients had normal FBCs. Peripheral blood indices, including
haemoglobin, neutrophils, lymphocytes, eosinophils and platelets were not significantly
different among the mastocytosis variants (supplemental Figure 1 A-E). One patient

with UP and two with DCM had low haemoglobin levels that were consistent with iron
deficiency anaemia. Thrombocytopenia was not present in any patient. Thrombocytosis was
present in a subset of patients with UP, DCM and ISM (Supplemental Figure E), but this
finding did not correlate with abnormal bone marrow findings described in Table 11B or
other unrelated diagnoses. Follow-up FBCs in patients with longitudinal data, with the
exception of one, showed that the platelet elevations normalized over years (Supplemental
Figure F).

Patient Follow-Up

Twenty-one patients with ISM and documentation of a bone marrow mast cell clone by
aberrant CD25 expression and/or detection of K/7 codon 816 mutation, have shown no
clinical evidence of progression or second malignancy with a mean follow-up of 6.9 years
(range 1-25 years). Repeat marrow biopsies were performed in 4 patients with ISM (Table
I11) and there was no evidence of histopathological change or disease evolution. Similarly,
no progression was noted in follow-up marrow biopsies of 2 patients with UP and one
patient with DCM (Table 111). As a group, the patients in this study have all improved or
disease has remained stable from both a clinical and laboratory perspective. Myelodysplastic
syndrome, myeloproliferative neoplasm nor leukaemia was seen in this cohort.

Discussion

We have reviewed 50 bone marrow biopsies from a cohort of 113 patients with paediatric-
onset mastocytosis. Current criteria for the diagnosis of systemic mastocytosis are based on
findings in adults. We have described distinct features not previously noted and have shown
that the current WHO criteria are applicable for the diagnosis of systemic disease in the
paediatric population.

The majority of patients with paediatric mastocytosis have a cutaneous variant, (Lange,

et al 2013, Middelkamp Hup, et a/ 2002, Valent, et a/2004) which is supported by our
study, where 81.4% of the total cohort was diagnosed as having UP, DCM, or MTOMA.
The ethnic distribution of this series is reflective of what has been previously reported

with 98% Caucasian patients (Table I). Patients with UP, DCM and MTOMA variants

of cutaneous disease were noted to have a normal to minimally increased bone marrow
mast cell burden. Only one patient with DCM was divergent from this pattern, showing a
more significant increase in mast cells; however, these mast cells were morphologically and
immunophenotypically normal. K/7 D816V mutations were not detected in DCM. Other
cutaneous variants were also uniformly negative for three of the four minor WHO criteria for
the diagnosis of systemic mastocytosis, with the exception of elevated tryptase values.
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There has been limited information about bone marrow histopathology in children with
cutaneous variants of mastocytosis. Azana et al (1994) reported results of bone marrow
aspirates without corresponding biopsies in 41 children with cutaneous mast cell disease. In
that study, marrow aspirates demonstrated minor findings in 6 of 41 specimens consisting
of an increase in eosinophils in 3 patients, an increase in lymphocytes in 2, a decrease

in erythroid elements in 2 and an increase in mast cells in one. Our study includes

more detailed analysis of bone marrow and peripheral blood findings in a larger series of
children with paediatric mastocytosis variants. In addition, follow-up marrow biopsies were
performed when indicated and these remained stable or improved in all 7 cases and clinical
improvement in 96% of patients.

Unexpectedly, a substantial subset (44.7 %) of core bone marrow biopsies was hypocellular
for age, with UP having the lowest average cellularity. Slight atypia in haematopoietic
maturation was noted in the aspirate smears, although no cases fulfilled the criteria for
myelodysplasia. Hypolobulated megakaryocytes were particularly prominent, followed by
megaloblastoid and erythroid maturation. All patient categories showed significant increase
in immature precursor B-lymphocytes (haematogones), (McKenna, ef a/2001) in some cases
comprising up to 50% of marrow cellular elements. This finding appears to be reactive in
nature since it was seen in patients with and without systemic mast cell disease.

In all patients with systemic disease and documentation of a bone marrow mast cell clone
by the aberrant expression of CD25 receptor on mast cells and/or detection of a point
mutation in codon 816 of K/7, there has been no clinical evidence of progression or second
malignancy with a mean follow-up period of 6.9 years (range 1-25 years). In the seven
patients who underwent repeat bone marrow biopsies, all remained stable or improved with
conservative therapy (follow-up range 2-18 years). Two patients in our series with ISM
and tryptase levels of 440 and 328 ng/ml required aggressive therapy, both at age 2 years.
The first had cytopenias and severe mast cell mediator symptoms and was treated with
interferon-alpha for 5 years. The second had failure to thrive and was treated with oral
corticosteroids for 5 years. Both patients had massive hepatosplenomegaly. Repeat marrows,
10 and 7 years after therapy was initiated, reflected an improved mast cell burden without
progression of other myeloproliferative markers. In addition, the patient with the initial
serum tryptase of 440 ng/ml had a third marrow procedure 4 years later with continued
improvement. A recent study in patients > 15 years reported myeloproliferative disorders in
th patient population of mainly adults (Cohen, et a/2014). There are, however, paediatric
case reports of myeloproliferative diseases associated with systemic mastocytosis (n=7),
(Dror, et al 2000, Gadage, et al 2012, Intzes, et al 2011, Kanegane, et a/2009, Lee, et a/
2007, Mahadeo, et a/2011) and one child with an apparent transition from cutaneous to
systemic disease.(Chantorn and Shwayder 2012)

In our patient cohort included a few rare variants of both cutaneous and systemic disease.
Most of the patients with DCM had a low bone marrow mast cell burden, with one exception
(noted in figure 3 A—C) showing an increased bone marrow mast cell burden and persistence
of disease into adulthood. Another patient with a lesser degree of bone marrow mast cell
involvement demonstrated complete resolution by late adolescence. The patient with ISM
and round rather than spindle-shaped clonal mast cells on bone marrow biopsy specimen
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(figure 3 D-F) has had a fairly typical disease course but may fall into a sub-variant of
well-differentiated systemic disease noted by Morgado et al.(2013) The patient remains
clinically stable but whether the long-term prognosis parallels the patients with typical ISM
is unknown.

Peripheral blood counts were normal in almost all cases. A slight elevation of lymphocytes
or platelets was observed in occasional patients, although there was no evidence of a clonal
process and no associated clinical consequences that required intervention. These minor
elevations in peripheral blood indices, particularly in the case of platelets, appeared to be
reactive events in our patient population. This is demonstrated by the gradual decline to
normal range during the follow-up period without targeted therapy in all except one patient
with ISM (Supplemental Figure).

This study elucidates bone marrow histopathology not previously reported in paediatric
mastocytosis. The observation of hypocellularity and dyspoiesis are of potential concern,
although these do not appear to be associated with progressive marrow dysfunction or
evolution to more aggressive mast cell disorders. In addition, patients who were followed
clinically for up to 25 years have remained stable or have improved. While the diagnosis
of systemic disease does not alter therapy in the absence of specific manifestations or
clinical compromise, this does impact outlook. Thus, although a bone marrow evaluation
will not necessarily lead to a change in therapy, findings may be of prognostic value.
Furthermore, bone marrows should be performed if a severe haematological condition,
such as myelodysplastic syndrome or malignancy is suspected. In summary, clinically
unsuspected bone marrow findings are frequent in paediatric-onset mastocytosis, which
merits evaluation and, in selected individuals, follow-up monitoring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Bone marrow histopathology.
Histological analysis was performed using haematoxylin and eosin (H&E), tryptase and

CD25 immunohistochemistry stains (100x) for UP (A,D,G), DCM (B,E,H), and ISM
(C,E1). Insets in D-F represent mast cell morphology in each variant (500x). Abnormal
mast cells seen in ISM are illustrated by spindle morphology and positive CD25 stain. J &
K: Graphical demonstration of bone marrow cellularity and mast cell burden in percentage,
numerical and log scales (UP vs ISM £<0.0001 & DCM vs ISM P=0.0002), respectively.
The dotted lines represent the normal paediatric range. Horizontal bars represent the median
and range.

UP-urticaria pigmentosa DCM-diffuse cutaneous mastocytosis; ISM-indolent systemic
mastocytosis
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Figure 2: Atypical bone marrow histopathology.
DCM is represented in panels A-C using haematoxylin and eosin (H&E) (200x), tryptase

(200x) and CD25 immunohistochemistry (100x) staining showing an unusual increase in
round mast burden, no aggregates of >15 mast cells, and negativity for CD25. The ISM
histopathology is unusual with regard to the mast cells seen using tryptase staining because
there are no spindle-shaped mast cells (2E) and CD25 is positive (2F).
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Figure 3: Atypical Haematopoesis and Increased Haematogones.
Panels A-B (500x) demonstrates the megakaryocytic monolobation that was typically seen

and shown here in patients with UP and DCM. Panels C-D (1000x) show megaloblastoid
changes in erythroid precursors and nuclear/cytoplasmic maturation asynchrony in myeloid
precursors using Wright-Giemsa in patients with ISM. Panels E-F illustrate an example

of markedly increased CD10 positive B-cell precursor lymphocytes (haematogones) in a
17-month-old child with DCM using immunohistochemical stains for (E) CD10, (F) CD20,
(G) CD79a, & (H) TdT (100x). Increased haematogones (above 10% of total marrow cells)
were seen in the majority of ISM and DCM patients (Panel I).
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Table I:
Patient Characteristics
Variant | Total | Males/Females Age of Onset Ethnicity
UP 20 13/7 Birth-5 years C(19), AA(1)
DCM 7 5/2 Birth-4 months C(7)
MTOMA 2 2/0 3 months-12 years C(2)
ISM 21 12/9 Birth-5 years C(21)

UP-urticaria pigmentosa, DCM-diffuse cutaneous mastocytosis, MTOMA-mastocytoma, ISM-indolent systemic mastocytosis, C-Caucasian, AA-

African American
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